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ABSTRACT This work describes some results of identiﬁcation and deter-
mination of bisphenol A (BPA) in powdered milk by applying the gas
chromatography. To determine BPA contents in the milk and to reduce the
matrix interference associated with the constituents of the powdered milk,
we performed the following activities. First, we ultra-centrifuged the dissolved
milk solutions. Next, we preconcentrated the analyte in the supernatant using
aC 18 and new sorbent with chemically bonded ketoimine group solid phase
extraction column. Finally, we used gas chromatography for the determination
of BPA in the samples under study. A recovery of bisphenol A from spiked milk
samples was also performed, with recovery result located at 91% ± 3%/94% ±
2%.
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INTRODUCTION
Some recent research has shown an inﬂuence of many chemical substances, so far treated
as of no importance, to the health of humans and animals. Such chemicals as natural and
synthetic hormones, metalorganic compounds, persistent organic compounds, monomers,
and some chemical additions used in the plastic industry are able to disturb the natural
hormonal balance of the human body, as well as to cause several diseases both for humans
and animals (Toft et al. 2004; LaKind 2004; Brent and Weitzman 2004).
Recently, bisphenol A (BPA) has become a compound of particular interest of
ecotoxicologists (Zoeller 2005; Saale et al. 2005; Ikezuki et al. 2002; Sch¨ onfelder et al.
2002). This compound has been produced and widely used incessantly since 1905. The
annual amount of production of BPA is estimated to be millions of tons (Staples et al.
1998). BPA is used for many industry activities, including a synthesis of polycarbonate
plastics, epoxy resins, and polyacrylates. These plastic materials are used for the production
of (among others) baby bottles and internal coating layers for the packings for the baby
food industry, such as powdered milk and milk mixtures (Sch¨ onfelder et al. 2002; Staples
et al. 1998; Biles 1997; Kuo and Ding 2004).
For many years, BPA was seen as a compound that is not dangerous for the environment
and living organisms, mainly due to its relatively low half-life time (a few days in the
water) and low value of the partition coefﬁcients octanol/water (lgo/w, 3.8) (Staples et al.
1998). However, by the end of the 20th century, BPA was detected in the environment,
in drinking water, and in food packages. After some research, BPA was classiﬁed by the
European Commission as “an external derivative having an adverse inﬂuence on human
health and offspring.” Compared with natural ﬁtoestrogenes, estimated daily intake of BPA
is quite low (1 ÷ 6.6 µg/kg body weight/day) (Zoeller 2005; Greim 2004). Recently, many
publications conﬁrmed estrogenic activities of BPA in vivo, even taken in very little doses
(Ikezuki et al. 2002; Sch¨ onfelder et al. 2002). However, the assessment of harmful effects of
hormonally active compounds such as BPA (Zoeller 2005; Saale et al. 2005; Staples et al.
1998; Greim 2004) has not been unambiguous so far (Saale et al. 2005).
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FIGURE 1 The structure of 2,2-bis-(4-hydroxyphenyl)-propane
(BPA).
Fetuses and neonates are the group of particular sensitivity
to the endocrine disrupter substances, such as BPA. As recently
published, BPA crosses the placenta, exposing the vulnerable
fetus to BPA circulating in the mother’s blood. After birth,
the infant is additionally exposed to BPA presented in human
milk (Sch¨ onfelder et al. 2002; Kurodawa et al. 2003; Yoshimura
et al. 2002; Hong et al. 2004; Matsumoto et al. 2004). It was
proven by the measurement and comparison of BPA levels in
bloodserumofmothers,fetuses,andnewbornbabies(umbilical
blood serum).
The main way of exposure to BPA by breast-fed and bottle-
fed infants is related to human milk or dietary supplements
such as powdered milk. Sun et al. (2004) and Otaka et al. (2003)
informed that the level of BPA in the milk of Japanese women
varies from 0.61 to 0.65 ng/mL−1 of milk. These values are
much lower in comparison with the BPA levels in ﬁve different
dietary supplements for newborn babies (44 ÷ 115 ng/g−1 of
milk), as reported by Kuo and Ding (2004). Further research and
determination of the BPA levels in breast milk as well as food
products for the infants is necessary.
This work is concentrated on determination of BPA in the
milk and milk derivative products. The main goal of this work
wastoproposeoptimumconditionsfortheisolationandfurther
determination of BPA in the milk samples, by the use of
solid phase extraction (SPE), gas chromatography (GC) coupled
with ﬂame ionization detection (FID), and low-resolution mass
spectrometry (LRMS).
EXPERIMENTAL
Materials
BPA was purchased from Sigma-Aldrich, and had a purity of
equal to or greater than 98%. The structure of the bisphenol A
is shown in Figure 1.
All standard stock solutions were prepared in methanol and
used after proper dilution with the same solvent. The water was
puriﬁed in the Milli-Q apparatus (Millipore S.A. 67120 Mol-
sheim, France). BSTFA (bis-trimethylylsililtriﬂuoroacetamide)
with 1% TMCS (trimethylchlorosilan) was purchased from
Sigma-Aldrich and Silica gel (Baker Analyzed) from J.T. Baker.
FIGURE 2 A scheme of the modiﬁcation procedure for the packings.
Apparatus
Elemental analysis was performed on 2400 CHN Elemental
Analyzer (Perkin-Elmer, Norfolk, USA), while NMR spectra
for the solid phases (29Si CP MAS NMR) were taken using
spectrometer 300 MSL (Bruker, Rhenstteten, Germany).
The chromatographic separation was performed using the
following hardware:
• Gas chromatography VARIAN CP-3380 equipped with FID.
A CP-SIL 5 CB (30 m × 0.32 mm; DF = 0.25 µm) capillary
column was used. Temperature program: 2 min at 100◦C,
then programmed at 10◦C/min−1 to 280◦C and held for
17 min; injector temperature: 300◦C; detector temperature:
300◦C. Helium was the carrier gas. All the work was carried
out in a constant ﬂow mode set at 3.5 mL/min−1.
• Gas chromatography Perkin Elmer AUTOSYSTEM XL
TURBO MASS equipped with LRMS. A DB-5 (30 m × 0.25
mm × 0.25 µm) capillary column was used. Temperature
program: 2 min at 150◦C, then programmed at 30◦C/min−1
to 270◦C and held for 10 min; injector temperature: 250◦C.
The MS acquisition parameters were: ion source 300◦C;
electron ionization 70 eV. Dwell times were set at 0.1. Full
scan spectra were run in the electron impact (EI) mode from
m/z 100 to 500. Besides, two ions were monitored in EI
selected ion monitoring mode (SIM). These ions were 213
and 228 for BPA and 357 and 372 for derivatization product
of BPA with BSTFA.
Methods
To determine BPA content in the milk and to reduce the
matrix interference associated with the constituents of the pow-
dered milk, we performed the following analytical procedure.
First, we ultra-centrifuged the dissolved milk solutions. Second,
we preconcentrated the analytes in the supernatant by the SPE
technique, using a C18 and the new sorbent with chemically
bonded ketoimine groups for solid phase extraction column.
Finally, we used gas chromatography for the determination of
BPA in the samples under study. To this goal, we applied gas
chromatography with FID and LRMS.
Sorbent preparation
The scheme of the new sorbent preparation is shown in
Figure 2. Five grams of dry silica was immersed in a mixture
of anhydrous xylene and 3-aminopropyltriethoxysilane. The
mixture was boiled for 12 h in a vessel equipped with a reﬂux
condenser.Thecontentswerecontinuouslystirredandcarefully
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with xylene and hexane in a Soxhlet apparatus. After that it
was dried under vacuum and ﬁnally subjected to the so-called
“end capping” reaction with hexamethyldisilazane in order to
deactivate free silanol groups remaining at its surface.
The second step was bonding of amino groups using an
appropriate derivative of 3-pentano-2,4-dione. As previously
states, reaction was performed under continuous stirring in
anhydrous xylene and lasted 12 h. The system was protected
against the moisture. The ﬁnal product was extracted subse-
quently with xylene and hexane in a Soxhlet apparatus. Finally,
the modiﬁed silica was dried under vacuum.
Sample Powder Milk Preparation
The powdered milk samples were purchased from Polish
supermarkets. An accurately weighed sample of 0.5 g of the
analyzed milk was dissolved in 5 mL 50% (v/v) of ethanol
solution, and then mixed for 2 min in an ultrasonic chamber.
Such prepared sample was centrifuged for 40 min at 5000 rpm,
and ﬁnally ﬁltered through a membrane ﬁlter 3W.
Before extraction, each SPE cartridge was conditioned with
5 mL of methanol and 15 mL of deionized water on an
SPE manifold. The accurately weighed milk sample mentioned
above was introduced on top of conditioned SPE column.
Once the total amount of a sample was put on, the sorbent
was dried for 10 min under vacuum, and the preconcentrated
BPA was eluted by the use of 3 mL of methanol. The
extract was concentrated or dried up and further injected to
GC-FID chromatograph or derivatized by the silylating agent,
respectively.
Derivatization Procedures of Sample
Powder Milk
The evaporated extract was derivatized by adding
100 µL of the silylating agent containing BSTFA
(bis-trimethylylsililtriﬂuoroacetamide) and 1% TMCS
(trimethylchlorosilan). The vial was vortex mixed and heated
at 80◦C for 30 min. After cooling, the derivatized solution was
evaporated to dryness, and the residue was redissolved in 100
µL of chloroform. One microliter of derivatized milk extract
was injected into the GC system. The derivatives of analytes
were ready for GC/FID and/or GC-MS analysis (Kuo and Ding
2004).
GC Analysis
The BPA identiﬁcation was performed by GC-FID and GC-
LRMS methods, using the data from chromatograms. BPA was
identiﬁed by a comparison of the retention times (RTs) of the
peaks from calibration standard before and after derivatization
with peaks from nonderivatized and derivatized cleaned-up
extracts of milk. Additionally, a conﬁrmation of BPA presence
in milk extracts was executed by a comparison of corresponding
mass spectra of the peaks on the chromatograms mentioned
above.
Quantitative measurements of BPA in spiked and nonspiked
powered milk samples were carried out using peaks areas.
RESULTS
To investigate physicochemical properties of the obtained
packings, these packings were subjected to elemental analysis.
One determined the contents of carbon, hydrogen, and
nitrogen and estimated the speciﬁc surface area. The surface
concentration of bonded siloxane molecules (denoted by α)i n
µmol/m−2 was calculated from the carbon content according
to the following equation:
α =
%C · 106
(100 · n · 12 − %C · M) · SBET
,
where %C denotes percent of carbon contribution, n the
number of carbon atoms in the molecule of bonded silane,
M the molecular mass of the siloxane, and SBET the speciﬁc
surface area [m2/g−1]. The obtained results are presented in
Table 1.
Spectra 29Si CP MAS NMR of the unmodiﬁed silica are
presented in Figure 3a, while the spectra of the sorbent under
study are presented in Figure 3b. An analysis of these spectra
conﬁrms that a reaction of the synthesis took place at the
silica surface. During this reaction, the geminal silanols were
blocked. The distinct signal at −90 ppm for the spectrum of the
unmodiﬁed silica is deﬁnitely weaker for the modiﬁed silica.
At the same time, the signal at −100 ppm is changed, and this
fact proves that the isolated silanols are blocked as well. A clear
signal at +12 ppm accompanied by the signals at −46 ppm (T1),
−50 ppm (T2), and −64 to −70 ppm (T4 + T4
’) points out the
modiﬁcation of the silica by trifunctional silane and the “end
capping” process by the use of hexamethyldisilazane.
TABLE 1 Physicochemical properties of the sorbents under study
Elemental analysis,%
Sorbent C H N m2/g−1 1 µmol/m−2 2 nm
 3 ml/g−1 4
Silica gel 0.05 0.99 — 552 — 6.18 0.88
13.44 3.34 1.96 326 4.37 4.87 0.41
 1Surface area.
 2Surface concentration of silane.
 3
Pore diameter.
 4
Speciﬁc pore volume.
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DISCUSSION
Identiﬁcation of BPA in Powdered
Milk Extracts
ThecriteriaofidentiﬁcationofBPAinanalyzedmilkextracts
were following:
• The retention times of the peaks on GC-FID and GC-MS
chromatograms of milk extracts should correspond to those
on the chromatograms of BPA standard solution.
• The retention times of the peaks on GC-FID and GC-MS
chromatograms of derivated milk extracts should correspond
tothoseonthechromatogramsofderivatedstandardsolution
of BPA.
Typical chromatogram of the total ion current, in the range
of the monitored mass 100 to 500 amu, is shown in Figure 4A.
In Figure 4B, the mass spectrum of the peak corresponding to
the peak of BPA is shown.
To establish the retention time of BPA, average retention
time was computed based on the data from six GC/FID and
GC/MS chromatograms, as well as standard deviation (SD) of
the average retention times was calculated. The obtained results
are shown in Table 2.
The repeatability of the RTs calculated from six replicate
analyses of a standard BPA solution as well as the product of
standard BPA derivatization was 0.19, 0.09% (MS) and 0.03,
0.03% (FID), respectively.
TABLE 2 Retention parameters of BPA using various
GC detectors
Retention time RT ± SD (min)
(n = 6)
Detector
BPA standard
solution BPA + BSTFA
MS 6.727±0.013 6.757±0.006
FID 13.199±0.004 13.805±0.004
Limit of Detection (LOD) and
Quantiﬁcation (LOQ)
The limit of detection (signal-to-noise ratio = 3) and
quantiﬁcation limit (signal-to-noise ratio = 10) for BPA was
established only for the GC-FID method. This method limit of
detection of BPA is approximately 140 ng/g−1 of milk, while
the method limit of quantiﬁcation is equal to 379 ng/g−1 of
milk.
Recovery Study
Recovery tests were performed for the powdered milk
samples spiked with known amount of BPA (0.5 µg/g−1). These
tests were performed in triplicate, using the above described
method, with the recovery result obtained for the C18 sorbent
equal to 91% ± 3% and that for the sorbent with chemically
bonded ketoimino groups equal to 94% ± 2%. The typical
GC-FID chromatograms of nonspiked and spiked milk samples
are presented in Figure 5.
Quantiﬁcation of BPA in Powdered
Milk Samples
BPAdeterminationinmilkextractswasperformedaccording
to the procedure described in the Experimental section. The
method of standard addition was used in quantitative analysis
of BPA in milk extracts. Dependencies between the peak area
andBPAconcentrationaddedtomilksamplesweredetermined.
Based on these dependencies, the calibration graphs were
prepared. To this goal, some pattern solutions were used with
the BPA concentration ranging from 0.5 to 50 µg/cm−3.T h e
ﬁnal peak area was taken as an average of three experiments in
turn. Calibration plot was described with the general equation:
y = ax + b,w h e r ey is the peak area, and x the amount of
determination compound in µg/ml−1. For the observed range
of concentration values, a linear correlation is observed of
the calibration curves for calibration coefﬁcients greater than
0.9997.
TheresultsofBPAdetermination(GC/FID)inthepowdered
milk are presented in Table 3.
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Concentration of BPA in a sample ng/g−1 milk ± SD
Milk sample C18
I 182±37 191±11
II 272±15 273±9
A)   
B)  225  250  275  300  325 350 375 400 425 450 475  500 
0 
100 
% 
357
285  269  251 211  235  341 299  327 301 
358
372
374 405408 489  464 428435
 
4.00 5.00 6.00 7.00 8.00 9.00 10.00
Time  0
100
%
6.11 
5.49 
5.45
5.39
4.63
5.93
6.45
6.13
6.77
10.47
9.67
7.43
7.14
8.54 9.16 10.23
9.90 10.90
BPA
FIGURE 4 Typical chromatogram of the total ion current TIC (100–500 amu), taken for the powdered milk extract (A), and (B)
corresponding mass spectrum of BPA.
FIGURE 5 GC/FID chromatograms of powdered milk samples: (a) not spiked, (b) spiked with BPA.
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As proven by our experiments, newly synthesized sorbent
with chemically bonded ketoimine groups may be used for
preconcentration of BPA by the use of the SPE method.
The proposed analytical procedure of BPA determination in
powdered milk seems to be sufﬁciently sensitive and selective.
A combination of the SPE and GC make possible the
determination of this compound at a level of ng/g−1.T h e
proposed method of extraction and preconcentration of the
analyte is characterized by a high amount of recovery 91%
94%.
The measured concentration of BPA in the powdered milk
belongs in the range of 182 to 273 ng/g−1 milk and is
comparable to those obtained by other authors (Kuo and Ding
2004). Our experiment proved that the powered milk can be
one of the sources of exposure of bottle-fed infants to BPA.
REFERENCES
Biles, J. E., Mc Neal, T. P., and Begley, T. H. 1997. Determination of
bisphenol A migrating form epoxy can coatings to infant formula
liquid concentrate. J. Agric. Food Chem. 45:4697–4700.
Brent R. L., and Weitzman, M. 2004. The Current State of Knowledge
About the Effects, Risks, and Science of Children’s Environmental
Exposures. Pediatrics 113:1158–1166.
del Olmo, M., Zafra, A., Suarez, A., Gonzalez-Casado, A., Taouﬁki, J., and
V´ ılchez, J. L. 2005. Use of solid-phase microextraction followed
by on-column silylation for determining chlorinated bisphenol A
in human plasma by gas chromatography–mass spectrometry. J.
Chromatogr. B, 817:167–72.
Greim H. A. 2004. The Endocrine and Reproductive System: Adverse Ef-
fects of Hormonally Active Substances? Pediatrics 113:1070–1075.
Hong, E., Choi, K., and Jung, Y. 2004. Transfer of maternally in-
jected endocrine disruptors through breast milk during lactation
induces neonatal Calbindin-D9k in the rat model. Reprod. Toxicol.
18:661–668.
Ikezuki, Y., Tsutsumi, O., and Takai, Y. 2002. Determination of bisphenol
A concentrations in human biological ﬂuids reveals signiﬁcant early
prenatal exposure. Human Reprod, 17:2839–2841.
Kuo,H-W.,andDing,W.H.2004.TracedeterminationofbisphenolAand
phytoestrogens in infant formula powders by gas chromatography-
mass spectrometry. J. Chromatogr. A, 1027:67–74.
Kuroda, N., Kinoshita, Y., and Sun, Y. 2003. Measurement of bisphenol
A levels in human blood serum and ascitic ﬂuid by HPLC using a
ﬂuorescent labeling reagent. J. Pharm. Biomed. Anal., 30:1743–
1749.
LaKind, J. S., Wilkins, A. A., and Berlin, Ch. M. 2004. Environmental
chemicals in human milk: a review of concentrations, determinants,
infant exposures and health, and guidance for future research.
Toxicol. Appl. Pharmacol., 198:184–208.
Matsumoto, Ch., Miyaura, Ch., and Ito A. 2004. Dietary bisphenol A
suppresses the growth of newborn pups by insufﬁcient supply of
maternal milk in mice. J. Health Sci., 50:315–318.
Otaka, H., Yasuhara, A., and Morita, M. 2003. Determination of
bisphenol A and 4-nonylphenol in human milk using alkaline di-
gestion and cleanup by solid-phase extraction. Anal. Sci. 19:1663–
1666.
Sch¨ onfelder, G., Wittfoht, W., and Hopp, H. 2002. Parent bisphenol A
accumulation in the human maternal-fetal-placental unit. Environ.
Health Persp. 110:A703–A707.
Staples, C. A., Dorn, P. B., Klecka, G. M., O’Block, S. T., and Harris, L. R.
1998. A review of the environmental fate, effects and exposures of
bisphenol A. Chemosphere, 36:2149–2173.
Sun, Y., Irie, M., and Kishikawa, N. 2004. Determination of bisphenol
A in human breast milk by HPLC with column-switching and
ﬂuorescence detection. Biomed. Chromatogr. 18:501–7.
Toft, G., Hagmar, L., Givercman, A., and Bonde, J. P. 2004. Epidemiolog-
ical evidence on reproductive effects of persistent organochlorines
in humans. Reprod. Toxicol., 19:5–26.
vom Saal, F. S., Nagel, S. C., Timms, B. G., and Welshons, W. V.
2005. Implications for human health of the extensive bisphe-
nol A literature showing adverse effects at low doses: A re-
sponse to attempts to mislead the public. Toxicology, 212:244–
252.
Yoshimura,Y.,Brock,J.W.,Makino,T.,andNakazawa,H.2002.Measure-
ment of bisphenol A in human serum by gas chromatography/mass
spectrometry. Anal. Chim. Acta, 458:331–336.
Zoeller, R. T. 2005. Environmental chemicals as thyroid hormone
analogues: new studies indicate that thyroid hormone receptors
are targets of industrial chemicals? Mol. Cell. Endocrinol., 242:10–
15.
I. Rykowska et al. 542